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(57) ABSTRACT 

An oscillating circuit includes an analog oscillation element. 
The oscillating circuit includes at least one analog-to-digital 
conversion device. A method is for operating an oscillating 
circuit, in which a mechanical oscillator oscillates at a natural 
frequency. The oscillation amplitude is measured and digi 
tized. A digital control signal is generated from this with the 
aid of a digital amplitude controller. A driving signal is gen 
erated, in turn, from the digital control signal, the driving 
signal driving the mechanical oscillator with the aid of a drive 
unit. This control loop stabilizes the oscillation amplitude. 

14 Claims, 5 Drawing Sheets 
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1. 

OSCILLATING CIRCUIT HAVING AN 
ANALOGOSCILLATING ELEMENT 

FIELD OF THE INVENTION 

The present invention relates to an oscillating circuit hav 
ing an analog oscillating element. 

Example embodiments of the present invention are 
described in the following using a yaw-rate sensor as an 
example. In principle, however, it is applicable to all types of 
reSOnatOrS. 

BACKGROUND INFORMATION 

Many yaw-rate sensors are based on the use of the Coriolis 
effect as a measuring principle. The Coriolis force occurs 
when a body of mass m moves at Velocity V, and a rate of 
rotation S2 acts in a direction perpendicular to the direction of 
movement, where 

Fcoriolis=2mVx92. 

One option for setting a weight into motion is to excite it 
into oscillation, the driving oscillation. 

If a rate of rotation acts on the oscillating weight, then the 
Coriolis forces cause it to react with a Coriolis oscillation 
perpendicular to the driving oscillation. If the mechanism is 
combined with electronics to forman oscillating circuit, then 
a resonator is formed, and the frequency of this driving oscil 
lation corresponds to the resonant driving frequency of the 
mechanism. In the related art, these electronics are analog. 
A rotation-rate sensor that functions according to this prin 

ciple is described in the document “PA Low Cost Angular 
Rate Sensor in Si-Surface Micromachining Technology for 
Automotive Applications” by A. Thomae, R. Schellin, M. 
Lang, W. Bauer, J. Morhaupt, G. Bischopink, L. Tanten, H. 
Baumann, H. Emmerich, S. Pinter, J. Marek, K. Funk, G. 
Lorenz, R. Neul; SAE, 1999. In this microsystem, a deflection 
of the movable sensor weight causes a change in capacitance 
at micromechanical detection electrodes. These changes in 
capacitance are measured by analog electronics. A Voltage 
generated by an analog controller is applied to further elec 
trodes at the sensor element, the driving electrodes. This 
Voltage generates an electrostatic force in the sensor element. 
When the periodic driving force is in suitable phase relation to 
the oscillation of the movable weight measured via the detec 
tion electrodes, the driving oscillation occurs at an amplitude 
controlled by the controller. When the supply voltage of this 
microSystem is Switched on, it must be assumed that the 
movable weight of the sensor element is at rest. Since the 
electronics of the described system are completely analog, 
i.e., continuous-value, this system can start oscillating out of 
the noise, at the resonant frequency of the sensor element, in 
a manner similar to a quartz oscillator. 

SUMMARY 

Example embodiments of the present invention provide an 
oscillating circuit having an analog oscillating element. The 
oscillating circuit includes at least one analog-to-digital con 
version device. 
The oscillating circuit may be provided with a mechanical 

oscillator as an oscillating element, and with an electrical 
drive circuit that interacts with the mechanical oscillator. In 
this context, the electrical drive circuit includes an analog-to 
digital conversion device. In comparison with conventional, 
analog signal processing, the digital arrangement may attain 
advantages with regard to temperature dependence, long 
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2 
term drift, EMC, and power consumption. A further reason 
for the digital arrangement is that in the case of modern, 
densely-packing semiconductor manufacturing processes, it 
leads to a reduction in the chip area and, consequently, cost 
savings. 
The oscillating element may be a micromechanical oscil 

lator. In the case of micromechanical oscillating circuits, the 
above-mentioned advantage of cost savings via packing den 
sity is particularly large. 
The oscillating circuit may have at least one analog-to 

digital conversion device. This allows a driving signal of 
appropriate magnitude to be generated in the drive circuit. 
The oscillating circuit may have a filter, in particular a 

digital filter, for Suppressing signals outside of a usefull-fre 
quency band. Interference may be filtered out of the drive 
circuit by filters. This improves the frequency stability of the 
oscillating circuit. 
The oscillating circuit may have a band-pass filter, in par 

ticular a digital band-pass filter, for Suppressing signals out 
side of a usefull-frequency band. The filtering-out of low 
frequency signals may suppress any possible signal offset of 
the oscillating circuit. The filtering-out of high-frequency 
signals suppresses disruptive, higher-frequency natural 
modes of the oscillating circuit. 
The oscillating circuit may include a device for digitally 

evaluating the oscillation amplitude, in particular, changes in 
the bit having the lowest place value. By this device, it may be 
detected if an oscillation is actually taking place. 
The oscillating circuit may include a device for digitally 

evaluating the oscillation frequency, in particular a device for 
counting positive and/or negative zero crossings. By evaluat 
ing the frequency, it may be determined if the oscillating 
circuit is oscillating in the desired mode, or if other modes 
start to oscillate. 

The drive circuit may include a device for measuring the 
oscillation amplitude of the mechanical oscillator, at least one 
analog-to-digital conversion device for digitizing the oscilla 
tion amplitude, a digital amplitude controller for controlling 
the oscillation amplitude, and a device for driving the 
mechanical oscillator. In this manner, an oscillating circuit 
having a largely digital drive circuit may be provided. 
The drive circuit of the oscillating circuit may include at 

least one digital-to-analog conversion device for generating a 
driving signal. This allows an analog driving signal of suitable 
magnitude to be generated at the end of the largely digital 
drive circuit. 

The drive circuit may include a device for inducing an 
oscillation from the resting position of the mechanical oscil 
lator. This may make it easier for the oscillating circuit having 
a largely digital drive circuit to start oscillating. 

In this connection, the oscillating circuit may include a 
finite state machine, which activates the device for inducing 
the oscillation as a function of the oscillation amplitude. The 
finite state machine allows permanent state monitoring of the 
oscillating circuit, in particular of the oscillation. If the 
desired oscillation is not (no longer) occurring for some rea 
son, the finite state machine may then cause the oscillating 
circuit to start oscillating once more. 
The device for inducing the oscillation may be arranged 

Such that a signal for inducing the oscillation may be gener 
ated as a function of the oscillation frequency. This allows 
interfering modes to be suppressed and the desired oscillation 
mode to be forced. In addition, when the oscillating circuit is 
caused to start oscillating, Such a signal may be generated 
repeatedly in Succession, in phase, for a cumulative effect. 
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Example embodiments of the present invention further 
relate to a method for operating an oscillating circuit. An 
aspect of the method for operating an oscillating circuit is 
that: 

in an ordinary operating state, a mechanical oscillator 
oscillates at a natural frequency; 

the oscillation is measured in a time-resolved manner, 
using a device for measuring the oscillation amplitude of 
the mechanical oscillator, 

the oscillation amplitude is digitized by an analog-to-digi 
tal conversion device; 

using a digital amplitude controller, a digital control signal 
for controlling the oscillation amplitude is generated 
from the digitized oscillation amplitude; 

a driving signal is generated from the digital control signal; 
the driving signal is Supplied to driving device(s), which 

drive the mechanical oscillator. 

In this connection, parts of the drive circuit of the oscillat 
ing circuit may be digital. In comparison with conventional, 
analog signal processing, the digital arrangement may pro 
vide advantages with regard to temperature dependence, 
long-term drift, EMC, and power consumption. A further 
reason for the digital arrangement is that in the case of mod 
ern, densely-packing semiconductor manufacturing pro 
cesses, an electrical, in particular, microelectronic drive cir 
cuit leads to a reduction in the required chip area and, 
consequently, to cost savings. 

In an extraordinary operating state including a temporally 
unchangeable, digitized oscillation amplitude, the mechani 
cal oscillator is caused to oscillate using at least one impulse, 
and the oscillating circuit is therefore induced to pass over 
into the ordinary operating state. The oscillator may be dis 
placed from the resting position and caused to oscillate by this 
initial impulse. The displacement of the oscillator following 
the impulse may allow at least one quantization threshold to 
be exceeded at the analog-to-digital converter and therefore 
may allow a meaningful, digital signal analysis. 

With the aid of at least one second impulse, the mechanical 
oscillator may be caused to oscillate and the oscillating circuit 
is therefore induced to pass over into the ordinary operating 
state; it being particularly provided that the at least second 
impulse have such a phase angle with respect to the time of the 
first impulse and to the natural frequency of the analog oscil 
lation element to be excited, that positive feedback of the 
oscillation to be excited occurs. The positive feedback inputs 
additional energy into the mechanical oscillator, which 
means that the amplitude of the oscillation is successively 
increased. The natural frequency at which the oscillating 
circuit is intended to start oscillating may also be selected by 
suitably selecting the interval of the impulses. 
The driving Voltage may be maximized as the oscillating 

circuit starts to oscillate. This may minimize the settling time, 
i.e., the time from the start-up of the oscillating circuit with a 
resting mechanical oscillator to the reaching of a stationary 
oscillating state having a Substantially constant oscillating 
amplitude. 

Exemplary embodiments of the present invention are illus 
trated in the drawings and explained in detail in the following 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a conventional analog oscillating circuit. 
FIG. 2 illustrates an oscillating circuit of an example 

embodiment of the present invention. 
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4 
FIG. 3 illustrates an oscillating circuit of an example 

embodiment of the present invention, having an oscillation 
build-up circuit. 

FIG. 4 illustrates an oscillating circuit of an example 
embodiment of the present invention, having an oscillation 
build-up circuit and band-pass filter. 

FIG. 5 illustrates the temporal signal pattern of the oscil 
lation amplitude and the impulses initiated by the oscillating 
circuit. 

DETAILED DESCRIPTION 

FIG. 1 shows a conventional analog oscillating circuit, 
using a driving oscillating circuit for a yaw-rate sensor as an 
example. 
A rotation-rate sensor, which functions electromechani 

cally and in a completely analog manner, is described in the 
document “A Low Cost Angular Rate Sensor in Si-Surface 
Micromachining Technology for Automotive Applications' 
by A. Thomae, R. Schellin, M. Lang, W. Bauer, J. Morhaupt, 
G. Bischopink, L. Tanten, H. Baumann, H. Emmerich, S. 
Pinter, J. Marek, K. Funk, G. Lorenz, R. Neul; SAE, 1999. 
A mechanical oscillator 100 is shown, which includes a 

sensor element SE having a movable, deflectable sensor 
weight. 

In this microsystem, a deflection of the movable sensor 
weight results in changes in capacitance at micromechanical 
detection electrodes, which, together with the sensor weight 
as a counterelectrode, each form capacitor structures, namely 
detection capacitors D1 and D2. These changes in capaci 
tance are measured by analog electronics having a capaci 
tance-to-voltage converter C/U, and are supplied to a control 
ler AGC as an analog Voltage signal 110. In analog controller 
AGC (automatic gain control), a driving Voltage 120 is gen 
erated which is applied to further electrodes at sensor element 
SE via a switching element 130, the further electrodes gen 
erating driving capacitors A1 and A2 with SE as a counter 
electrode. Driving Voltage 120 generates an electrostatic 
force in sensorelement SE. When the periodic driving force is 
in suitable phase relation with the oscillation of the movable 
weight measured via detection capacitances D1 and D2, then 
the driving oscillation occurs at an amplitude controlled by 
controller AGC. The phase relationship between the oscilla 
tion detected at capacitors D1 and D2 and the feedbackforces 
across driving electrodes A1 and A2 is precisely controlled 
with the aid of a phase-locked loop PLL. To this end, analog 
voltage signal 110 of the detected oscillation of sensor ele 
ment SE is supplied to phase-locked loop PLL as an input 
signal. The phase-locked loop synchronizes with this oscilla 
tion and generates a phase signal 140 at the output, the phase 
signal being Supplied to Switching element 130 as a control 
signal. Switching element 130 is consequently Switched Such 
that driving Voltage 120 is applied, in each instance, to the 
suitable driving electrode A1 or A2. 
When the supply voltage of this microsystem is switched 

on, it is possible for the movable weight of sensor element SE 
to be at rest. Since the electronics of the described system are 
completely analog, i.e., continuously-valued, this system can 
start oscillating out of the noise, at the natural frequency of the 
sensor element, in a manner similar to a quartz oscillator. 

However, there is an emerging trend of designing as large 
a part of the signal processing as possible to be digital. In 
comparison with conventional, analog signal processing, the 
digital arrangement may attain advantages with regard to 
temperature dependence, long-term drift, EMC, and power 
consumption. A further reason for the digital arrangement is 
that in the case of modern, densely-packing semiconductor 
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manufacturing processes, it leads to a reduction in the chip 
area and, consequently, to cost savings. In digital signal pro 
cessing, attempts are made, in the sensor system, to imple 
ment the conversion from analog to digital as far towards the 
beginning of a signal-processing chain as possible. In the case 
of the yaw-rate sensor, which is used as an exemplary appli 
cation, the conversion from analog to digital also takes place 
very early. 

FIG. 2 shows an oscillating circuit of an example embodi 
ment of the present invention. It is to be regarded as a block 
diagram of the drive circuit of a yaw-rate sensor as an 
example of an oscillating circuit. As already shown in FIG. 1, 
mechanical sensor element SE is illustrated, which consti 
tutes an analog oscillating element, i.e., an element having a 
continuously-valued, changeable oscillation amplitude. An 
electrical drive circuit is also shown. Two electrodes form, 
together with sensor element SE as a counterelectrode, two 
capacitors A1 and A2 that are used for causing the moveable 
mechanical structure to oscillate with the aid of electrostatic 
forces. Two other electrodes generate, together with sensor 
element SE, detection capacitances D1 and D2 that change 
180 degrees out of phase in response to a movement of sensor 
element SE. The two detection capacitances D1 and D2 are 
used for detecting this movement. To this end, the change in 
the capacitances at D1 and D2 is converted to an analog 
Voltage signal 110 by an analog capacitance-to-voltage con 
verter C/U. According to example embodiments of the 
present invention, this analog Voltage signal 110 is directly 
converted to digital, namely to a digital Voltage signal 200, by 
a downstream analog-to-digital converter A/D. A post-con 
nected digital controller AGC (automatic gain control) gen 
erates a digital control signal 210 from it, with the aid of 
which the amplitude of the mechanical oscillation is adjusted 
to a setpoint value. To this end, digital control signal 210 is 
Supplied, in this example, to a digital-to-analog converter 
D/A that converts this signal to driving voltage 120. This 
analog driving Voltage 120 is applied, in correct phase rela 
tion, to drive capacitors A1 and A2 at sensor element SE, in 
order to maintain the oscillation of the moveable weight. 
Driving voltage 120 is applied either to capacitor A1 or to 
capacitor A2, whereby electrostatic forces on the sensor 
weight are generated, the algebraic sign of the electrostatic 
forces being determined by the selection of the driving 
capacitance. The phase relationship between the oscillation 
detected at capacitors D1 and D2 and the feedback forces 
across capacitors A1 and A2 must be controlled in a precise 
manner. One option for achieving this is, in turn, the use of a 
phase-locked loop PLL. Phase-locked loop PLL functions 
substantially as already described with regard to FIG.1. The 
input signal of phase-locked loop PLL may be digital Voltage 
signal 200, as shown, in this example, in FIG. 2. However, the 
input signal of phase-locked loop PLL may also be analog 
voltage signal 110, as represented in FIG. 1. This is a third 
example embodiment of the present invention. 
The description up to this point applies to an ordinary 

operating state, namely to a sensor element that is already 
oscillating. In an oscillating circuit such as the microSystem 
shown in FIG. 2, there may be a problem, however, when the 
Supply Voltage of the system is Switched on. In an extraordi 
nary operating state. Such as during the start-up of the oscil 
lating circuit, it may be assumed that the moveable weight of 
sensor element SE is at rest. Therefore, the output of digital 
to-analog converter A/D will yield a constant value as a digital 
Voltage signal 200, since the analog noise at the input of the 
A/D is not sufficient for exceeding a quantization threshold. 
Consequently, digital phase-locked loop PLL receives a static 
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6 
input signal as a digital Voltage signal 200, the digital phase 
locked loop not being able to synchronize with the static input 
signal. 
A simple remedy for this problem is to give an impulse to 

sensor element SE upon start-up, so that the electronics detect 
the step response of the sensor element and generate a driving 
Voltage 120 in response to it, and that the system ultimately 
starts to oscillate on the basis of this impulse. This functions 
when the step response is large enough to exceed a quantiza 
tion threshold at the input of digital-to-analog converter A/D. 

Since analog-to-digital converter A/D quantizes its input 
signal, there is, however, still the possibility that analog Volt 
age signal 110 at the input of the analog-to-digital converter, 
which describes the step response of sensor element SE, 
oscillates back and forth between two quantization threshold 
values of digital-to-analog converter A/D without exceeding 
these quantization threshold values. In this case, the output of 
digital-to-analog converter A/D would then also remain at a 
static value, and the digital oscillating circuit would not start 
to oscillate. 

FIG. 3 shows a digital oscillating circuit of an example 
embodiment of the present invention, having an oscillation 
build-up circuit. 

In contrast to FIG. 2, the oscillating circuit shown in FIG. 
3 provides an oscillation build-up circuit AS for improving 
the oscillation build-up of the oscillating circuit, the oscilla 
tion build-up circuit solving the above-described problem. 
A clock signal 300 is transmitted from an oscillator in 

phase-locked loop PLL to oscillation build-up circuit AS. In 
addition, digital Voltage signal 200 is transmitted to oscilla 
tion build-up circuit AS. Oscillation build-up circuit AS trans 
mits an enable signal 310 to phase-locked loop PLL and a 
controller control signal 320 to digital controller AGC. In 
addition, a starting-phase signal 350 is transmitted from oscil 
lation build-up circuit AS to switching element 130. A switch 
ing element 380 is situated in the signal path of starting-phase 
signal 350. A switching element 370 is situated in the signal 
path of phase signal 140 of phase-locked loop PLL. The two 
switching elements 370 and 380 are connected to a synchro 
nous signal 360 generated by phase-locked loop PLL. The 
input signal of phase-locked loop PLL may be digital Voltage 
signal 200, as shown in this example in FIG. 3, or analog 
voltage signal 110, as shown in FIG. 1. 

If the oscillating circuit is in the extraordinary operating 
state, e.g., if it is just being started up, then mechanical oscil 
lator SE is essentially at rest. Analog Voltage signal 110 
constitutes a signal, which is Substantially unchangeable over 
time and may contain noise. No quantization thresholds are 
exceeded at analog-to-digital converter A/D, which is why 
digital Voltage signal 200 is constant. Voltage signal 200 is 
supplied to oscillation build-up circuit AS, where Zero values 
in this oscillation signal are detected. The spacing of the Zero 
values is counted with the aid of clock signal 300. If no zero 
values are present, then controller AGC is kept at a fixed value 
with the aid of a controller control signal 320. This occurs, for 
example, in that the input of controller AGC is held at Zero, 
and a maximum digital control signal 210 is consequently 
generated at the output of controller AGC. A maximum driv 
ing voltage 120 is generated from this with the aid of digital 
to-analog converter D/A. Furthermore, phase-locked loop 
PLL is shut down with the aid of an enable signal 310. 
Phase-locked loop PLL is no longer synchronized, which is 
why switching element 370 is opened and switching element 
380 closed with the aid of synchronous signal 360. The signal 
path of phase signal 140 is interrupted, and the signal path of 
starting-phase signal 350 is connected to Switching element 
130. The drive circuit emits a first starting-phase signal 350, 
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which actuates Switching element 130 and, by applying driv 
ing Voltage 120 to one of driving capacitors A1 or A2, triggers 
a first impulse on mechanical oscillator SE. By counting 
clock signal 300, a second and, in some instances, also further 
impulses are generated at a Suitable phase and frequency for 
the mechanical oscillator SE to be excited. If quantization 
thresholds are exceeded at analog-to-digital converter A/D 
and Zero values are consequently detected by oscillation 
build-up circuit AS, then the phase-locked loop is started up 
by oscillation build-up circuit AS via enable signal 310. The 
phase-locked loop then synchronizes with the oscillation. As 
Soon as this has occurred, phase-locked loop PLL Switches 
synchronous signal 360 so that switching element 370 is 
closed and switching element 380 is opened. The signal path 
of phase signal 140 is connected to switching element 130, 
and the signal path of starting-phase signal 350 is interrupted. 
Consequently, phase-locked loop PLL assumes the phase 
control of the oscillating circuit, and the ordinary operating 
state is reached. Drive circuit AS continues to monitor the 
amplitude and the frequency of oscillation with the aid of 
digital Voltage signal 200, by detecting the Zero values and 
counting the intervals between these Zero values. Details of 
the oscillating circuit and the operating method for Such oscil 
lating circuits are discussed in detail below, using the shown 
exemplary embodiments. 

After the supply voltage of the electric drive circuit of the 
oscillating circuit is Switched on, oscillation build-up circuit 
AS is used for Supplying a defined impulse to the mechanical 
oscillator, namely sensor element SE, measuring the response 
of sensor element SE, which will be a decaying oscillation at 
the resonant sensor frequency, and Supplying a further 
impulse to the sensor element in-phase. 

According to example embodiments of the present inven 
tion, oscillation build-up circuit AS measures the time 
between two equidirectional Zero crossings of the sensor 
oscillation. In the following, the positive Zero crossing is 
exemplarily selected as a reference. The positive Zero cross 
ing is marked, and therefore exemplarily defined in FIG. 5. 
The period may be calculated by measuring the time 

between two positive Zero crossings. Starting out from this 
first measured period, oscillation build-up circuit AS calcu 
lates the time in the second oscillator period following the 
first oscillator period used for measuring, at which time a 
further impulse must be supplied in-phase to sensor element 
SE. The length of the second period is also measured by 
oscillation build-up circuit AS, and the result is used, in turn, 
for calculating the impulses in the third oscillator period. 

According to example embodiments of the present inven 
tion, periods are measured by Supplying an electronic counter 
in oscillation built-up circuit AS with a reference clock pulse, 
which has a frequency considerably greater than the driving 
oscillation frequency or natural frequency of sensor element 
SE. In the exemplary embodiment described in FIG. 3, this is 
clock signal 300 supplied to oscillation build-up circuit AS by 
the oscillator in phase-locked loop PLL. With each new posi 
tive Zero crossing of digital Voltage signal 200, a counter in 
oscillation build-up circuit AS is reset and the counting 
reStartS. 

In order to satisfy the oscillating condition of the micro 
system made up of mechanics and at least partially digital 
electronics, an amount of energy Sufficient to compensate for 
all conceivable energy losses at mechanical oscillator SE 
must be transmitted by the electric drive circuit to mechanical 
oscillator SE. To this end, the periodic driving impulse gen 
erated at driving capacitor A1 or A2 via driving voltage 120 
must have a suitable phase relationship for oscillating the 
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8 
movable weight of sensor element SE. A phase shift of 90° is 
Suitable for maximum energy transmission. This relationship 
is illustrated in FIG. 5. 

FIG. 5 shows the temporal signal pattern of the oscillation 
amplitude and the impulses initiated by the oscillation build 
up circuit. In the upper diagram, the oscillation amplitude of 
the movable weight of sensor element SE is represented ver 
sus time, as it is also basically represented by analog Voltage 
signal 110. The positive Zero crossings of the oscillation are 
marked. In the lower diagram, driving impulses are plotted 
Versus time so as to be arranged to maximize energy trans 
mission to the above-represented oscillation. 
The start of the impulse is 90° out of phase with respect to 

the positive Zero crossing of the sensor oscillation. The time 
of the start of the driving impulse is determined by dividing 
the count representing the length of the last measured oscil 
lator period by 4. When the counter counting up during the 
currently running measurement of the oscillator period 
reaches this calculated value, the impulse is introduced by 
applying a corresponding driving Voltage 120 to sensor ele 
ment SE via appropriate driving electrode A1 or A2. This 
circuit implementation has the characteristic that the measur 
ing result of the period does not represent a physical time, but 
only a number of clock pulses. The period of these clock 
pulses does not have to be exactly defined. This provides the 
advantage that a very simple clock generator may be used. 
The stability requirement of the counter pulse is reduced to 
the counter pulse only being permitted to change moderately 
from oscillator period to oscillator period. In a simple 
example embodiment of the present invention, the division by 
the value of 4 is implemented in a hardware-efficient manner 
by shifting the digital word representing the count two posi 
tions to the right, whereby the valence of the bits of this value 
is reduced by a factor of 4. 
The initialization impulse to sensor element SE, the analog 

amplifier in capacitance-to-voltage converter C/U in front of 
analog-to-digital converter A/D, and the quantization thresh 
olds of analog-to-digital converter A/D must be dimensioned 
Such that as a consequence of the impulse, at least one quan 
tization threshold of analog-to-digital converter A/D is defi 
nitely exceeded. If the gains of the analog amplifier in capaci 
tance-to-voltage converter C/U and of analog-to-digital 
converter A/D deviate from the ratings provided for the steady 
system state, then Switchable gains are implemented. 
The dimensioning of the gains of the analog amplifier in 

capacitance-to-voltage converter C/U and of analog-to-digi 
tal converter A/D is accomplished by setting the maximum 
gain for the two blocks directly after the supply voltage is 
Switched on. The gains are incrementally reduced in an event 
driven manner with increasing oscillator amplitude of the 
mechanics. In the example of FIG.3, this takes place with the 
aid of an amplifier control signal 330 that switches over the 
gain of the analog amplifier in capacitance-to-voltage con 
verter C/U, and with the aid of a digital amplifier control 
signal 340 that Switches over the gain of analog-to-digital 
converter A/D. The gain of the analog amplifier in capaci 
tance-to-voltage converter C/U may be reduced separately 
from reducing the gain of analog-to-digital converter A/D. 
During the reduction in the gains, example embodiments of 
the present invention provide for the mechanical oscillation 
of the sensor element to always ensure that quantization 
thresholds are exceeded at analog-to-digital converter A/D. 

Depending on the design, the Switching-over of the gain in 
capacitance-to-voltage converter C/U produces the risk that 
the phase shift caused by analog capacitance-to-voltage con 
Verter C/U is a function of the set gain. In this case, example 
embodiments of the present invention provide for the phase 
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shift occurring in analog capacitance-to-voltage converter 
C/U to be compensated for by the digital part of oscillation 
build-up circuit AS. This may be implemented, for example, 
by changing the calculated count, according to which an 
impulse should be delivered to the sensor element, by an 
offset value which compensates for the phase shift due to 
analog capacitance-to-voltage converter C/U. 

FIG. 4 shows a digital oscillating circuit of an example 
embodiment of the present invention, having an oscillation 
build-up circuit and band-pass filter. In order to be able to 
detect Zero crossings of the mechanical oscillation indepen 
dently of a possible signal offset, this example embodiment 
provides, in addition to the arrangement illustrated in FIG. 3, 
aband-pass filter BP in the electric drive circuit, in particular 
in the electronic chain between the mechanics and the elec 
tronic Zero-crossing detector. Band-pass filter BP addition 
ally provides the advantage that interference in the frequency 
range above the resonant driving frequency is Suppressed as 
well. 

The position directly after analog-to-digital converter A/D 
constitutes a possible arrangement of band-pass filter BP in 
the electric drive circuit. Particularly in view of future, high 
density semiconductor manufacturing processes, this posi 
tion provides the advantage that the digital design allows chip 
area to be conserved, that there is no temperature dependence, 
and that no long-term drift and few EMC problems are to be 
feared. 
The described, event-driven switchover of the gains may be 

represented by a digital finite state machine. In the exemplary 
embodiments according to FIGS. 3 and 4, this finite state 
machine or this control unit is included in drive circuit AS. 
When the mechanical oscillator amplitude is sufficiently high 
and exceeds defined thresholds, a jump from one stat to the 
next takes place, a corresponding action on the gains in the 
analog amplifier in capacitance-to-voltage converter C/U or 
in analog-to-digital converter A/D taking place. There is a risk 
of an unauthorized State transition occurring due to, for 
example, electromagnetic interference. Therefore, in each 
state, return conditions must be provided which ensure that in 
the case in which no more quantization thresholds are 
exceeded at the input of analog-to-digital converter A/D and, 
accordingly, no more Zero crossings are detected at the output 
of band-pass filter BP, a return to the extraordinary operating 
State OCCurS. 

During the oscillation build-up phase of the electrome 
chanical oscillator, the present invention provides for the 
Voltage for generating the impulses to sensor element SE to be 
selected to be at a maximum. This is the case until the oscil 
lator amplitude has exceeded a threshold value. According to 
the present invention, this threshold value is set so close to the 
setpoint amplitude of the oscillation, that during a large part 
of the oscillation build-up phase, the magnitude of the 
impulses to sensor element SE remains at a maximum. 

In the described exemplary embodiments of an oscillating 
circuit in the form of an electromechanical oscillator, the 
duration of the oscillation build-up phase is minimal due to 
the continual excitation using impulses of a maximum mag 
nitude. As long as the oscillator amplitude has not yet 
exceeded the threshold value, the input of digital controller 
AGC is kept at Zero. According to example embodiments of 
the present invention, controller AGC is only made available 
to adjust the oscillator amplitude after the threshold value for 
the oscillator amplitude is exceeded. 
A block diagram intended to be used as an example of the 

drive circuit in a yaw-rate sensor is represented in FIG. 2. 
According to example embodiments of the present invention, 
the driving of the PLL in such a drive circuit is controlled by 
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10 
oscillation build-up circuit AS as follows. At the start of the 
oscillation build-up, phase-locked loop PLL is not enabled, 
and the clock pulses generated by the PLL are diverted by an 
oscillator that oscillates at a constant frequency. Phase-locked 
loop PLL is only enabled and may only lockinto the oscillator 
frequency when the mechanical oscillation has exceeded the 
threshold amplitude necessary for exceeding quantization 
thresholds of analog-to-digital converter A/D. This provides 
the advantage that during the oscillation build-up, the clock 
pulse ratios are clearly defined and clocked analog circuits 
have sufficient time for oscillation build-up, which means that 
all of the gains in the analog part of the drive circuit are 
defined. When phase-locked loop PLL is synchronized, the 
temporal control of the impulses to sensor element SE is also 
assumed by phase-locked loop PLL. 
The objective is for the electromechanical oscillator to start 

oscillating at the resonant driving frequency of sensor ele 
ment SE. This objective is put at risk when sensor element SE 
has a plurality of natural modes, at which the oscillator could 
start oscillating as well. In an example embodiment of the 
present invention, the frequency band in which the electro 
mechanical oscillator may start oscillating is limited to a 
frequency range, in the center of which the desired resonant 
driving frequency lies. According to example embodiments 
of the present invention, the width of the allowed frequency 
range in which impulses may be Supplied to sensor element 
SE is selected in such a manner, that the frequencies of the 
unwanted natural modes are outside of the permitted fre 
quency range. An exemplary option for implementing this is 
to intervene in the measuring of the period, which was already 
described in principle with regard to FIG. 3. The period is 
measured by measuring the number of reference clock pulses 
between two positive Zero crossings with the aid of an elec 
tronic counter. According to example embodiments of the 
present invention, the validity of a detected, positive Zero 
crossing is now made a function of the current state of the 
counter. In order to suppress, for example, frequencies that 
are too high, positive Zero crossings are only accepted as valid 
at or above a particular count (threshold count). When a 
positive Zero crossing is detected before the threshold count 
has been reached, the Zero crossing is ignored and the counter 
continues to count until a positive Zero crossing is detected, 
which is greater than the threshold count. In this manner, the 
excitation of an unwanted, natural sensor mode is prevented. 
The oscillator is excited by a series of pulses or impulses. 

There is a risk of the edges of these pulses interfering with the 
measurement of the oscillator amplitude, due to overcou 
pling. This risk may especially be present during oscillation 
build-up, due to an extremely small oscillator amplitude. In 
order to prevent problems resulting from this, example 
embodiments of the present invention provide for the edges of 
the pulses and the measurements of the amplitude to be sepa 
rated in the time interval (time-division multiplex). The mea 
Surement is conducted in a discrete-time manner in a defined 
time interval in which no pulse edge is active. 

Further exemplary embodiments are also possible, in par 
ticular, combinations of individually represented features of 
the different example embodiments of the present invention. 
What is claimed is: 
1. An oscillating circuit, comprising: 
an analog oscillation element; 
at least one analog-to-digital conversion device, 
wherein the oscillating element includes a mechanical 

oscillator, the oscillating circuit further comprising an 
electrical drive circuit that interacts with the mechanical 
oscillator, the electrical drive circuit including the ana 
log-to-digital conversion device, 
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wherein the drive circuit includes: 
a device configured to measure an oscillation amplitude 

of the mechanical oscillator, 
at least one analog-to-digital conversion device config 

ured to digitize the oscillation amplitude; 
a digital amplitude controller configured to control the 

oscillation amplitude; 
at least one digital-to-analog conversion device config 

ured to generate a driving signal; and 
a device configured to drive the mechanical oscillator 
a device configured to induce an oscillation from a rest 

ing position of the mechanical oscillator, and 
a finite state machine configured to activate the device 

configured to induce the oscillation as a function of an 
oscillation amplitude. 

2. The oscillating circuit according to claim 1, wherein the 
oscillation element includes a micromechanical oscillator. 

3. The oscillating circuit according to claim 1, further 
comprising at least one digital-to-analog conversion device. 

4. The oscillating circuit according to claim 1, further 
comprising at least one of (a) a filter and (b) a digital filter 
configured to Suppress signals outside of a usefull-frequency 
band. 

5. The oscillating circuit according to claim 4, further 
comprising at least one of (a) a band-pass filter and (b) a 
digital band-pass filter configured to Suppress signals outside 
of a usefull-frequency band. 

6. The oscillating circuit according to claim 1, further 
comprising a device configured to digitally evaluate at least 
one of (a) an oscillation amplitude and (b) changes in a bit 
having a lowest place value. 

7. The oscillating circuit according to claim 1, further 
comprising a device configured to at least one of (a) digitally 
evaluate an oscillation frequency and (b) count at least one of 
(i) positive and (ii) negative Zero crossings. 

8. The oscillating circuit according to claim 1, wherein the 
device configured to induce the oscillation is configured Such 
that a signal for inducing the oscillation is generatable as a 
function of an oscillation frequency. 

9. A method for operating an oscillating circuit, compris 
ing, 

in an ordinary operating state, oscillating a mechanical 
oscillator at a natural frequency; 

measuring the oscillation in a time-resolved manner, using 
a device for measuring an oscillation amplitude of the 
mechanical oscillator; 

digitizing the oscillation amplitude by an analog-to-digital 
conversion device; 

using a digital amplitude controller, generating a digital 
control signal for controlling the oscillation amplitude 
from the digitized oscillation amplitude; 

generating a driving signal from the digital control signal; 
Supplying the driving signal to a driving device that drives 

the mechanical oscillator, and 
in an extraordinary operating State having a temporally 

unchangeable, digitized oscillation amplitude, using at 
least one impulse, causing the mechanical oscillator to 
oscillate and consequently causing the oscillating circuit 
to enter the ordinary operating state. 

10. The method according to claim 9, further comprising, 
using at least one second impulse, causing the mechanical 
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oscillator to oscillate and consequently causing the oscillat 
ing circuit to enter the ordinary operating State, the at least one 
second impulse having a phase angle with respect to a time of 
the at least one impulse and the natural frequency of the 
analog oscillation element to be excited, that positive feed 
back of the oscillation to be induced occurs. 

11. A method for operating an oscillating circuit, compris 
ing, 

in an ordinary operating state, oscillating a mechanical 
oscillator at a natural frequency; 

measuring the oscillation in a time-resolved manner, using 
a device for measuring an oscillation amplitude of the 
mechanical oscillator; 

digitizing the oscillation amplitude by an analog-to-digital 
conversion device; 

using a digital amplitude controller, generating a digital 
control signal for controlling the oscillation amplitude 
from the digitized oscillation amplitude; 

generating a driving signal from the digital control signal; 
Supplying the driving signal to a driving device that drives 

the mechanical oscillator; and 
maximizing the driving signal during an oscillation build 
up of the oscillating circuit. 

12. The method according to claim 10, further comprising 
determining a phase relation of the oscillation in a device for 
digitally evaluating the oscillation frequency by counting 
positive and/or negative Zero crossings, only counter results 
corresponding to an oscillation frequency in a stipulated fre 
quency band being rated as valid. 

13. A method for operating an oscillating circuit, compris 
ing, 

in an ordinary operating state, oscillating a mechanical 
oscillator at a natural frequency; 

measuring the oscillation in a time-resolved manner, using 
a device for measuring an oscillation amplitude of the 
mechanical oscillator; 

digitizing the oscillation amplitude by an analog-to-digital 
conversion device; 

using a digital amplitude controller, generating a digital 
control signal for controlling the oscillation amplitude 
from the digitized oscillation amplitude; 

generating a driving signal from the digital control signal; 
Supplying the driving signal to a driving device that drives 

the mechanical oscillator; 
in a device for digitally evaluating the oscillation ampli 

tude, evaluating the digitized oscillation amplitude; 
controlling a gain of the analog-to-digital conversion 

device and of further analog amplifiers as a function of 
the oscillation amplitude; and 

compensating for gain-dependent phase shifts, which 
occur in analog-to-digital conversion device in further 
analog amplifiers, during Subsequent evaluation of the 
digitized oscillation amplitude in a device for digitally 
evaluating the oscillation frequency. 

14. The method according to claim 13, wherein the com 
pensating includes adding a phase shift as a function of the 
controlled gain from a phase angle of the oscillation deter 
mined in the device for digitally evaluating the oscillation 
frequency. 


